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METHOD FOR ASSAYING COMPOUNDS THAT DECREASE THE ACTIVITY OF 



I POLY(ADP-RIBOSE)-POLYMERASE (PARP) 

FIELD OF THE INVENTION 
The present invention relates to a novel and useful method for determining whether a 
5 compound or agent can decrease or inhibit the activity of PARP. 

BACKGROUND OF THE INVENTION 
Ischemia is an extremely deleterious condition, and it is related to a wide variety of 
cardiovascular problems, such as stroke, heart attack, hypertension, etc. Consequently, a 
treatment of ischemia may ameliorate the problems associated with cardiovascular disease, 
1 0 and provide a patient suffering from such a disease an increased quality of life. Although the 
mechanism of ischemia is not clear, it has been discovered to be related to the activity of 
proteins in the body. One such protein is an enzyme called poly(ADP-ribose) polymerase 
(PARP). PARP is a nuclear enzyme that is involved in DNA repair. More particularly, upon 
its activation by damaged DNA, PARP catalyzes the transfer of an ADP ribose unit from 
15 NAD^ to a glutamate of a protein acceptor, e.g. a histone. PARP then adds additional ADP 
ribose units to the substrate forming an ADP -ribose chain on the substrate. However, it is 
believed that the activity of PARP depletes cellular NAD^, and thus energy currency, e.g. 
ATP. As a result, cell death and ischemia result. Moreover, ischemia inherently produces 
extensive DNA damage by free radicals, which in turn causes further activation of PARP. As 
20 a result, a cycle of degradation is formed which leads to substantial damage to the subject. 
Consequently, a compound or agent that is found to decrease or inhibit PARP may readily 
have applications in treating ischemia or other cardiovascular diseases related to ischemia, 
such as stroke, heart attack, etc. 

25 Screening for potent enzyme inhibitors from large compound libraries is one of the most 

popular approaches for identifying compounds or agents that may eventually be sold in the 

market place as drugs. However, conventional screening formats can impose extreme 

demands on limiting resources, which include individual compound supplies, purified enzyme 

production and human resources. Therefore, development of miniaturizable assays has been 

30 pursued to alleviate this problem. However, heretofore known methods for performing such 

an assay inherently possess shortcomings. For example, conventional filtration based 

methods, scintillation assays, and ELISA type assays involve numerous washing steps, 

-radioactive isotopes (which are expensive to dispose of), expensive reagents, multiple wash . 

f .*:-r^'-;V,v ^ 

steps, high assay variation, or a combination of these shortcoinirigs:'*Morepver,..such 
35 heretofore known methods are very difficult to apply to miniaturized ultra high throughput. - ' / 
screening programs. . . 
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Accordingly, what is needed is a new and useful method for identifying compounds or agents 
that modulate, and particularly decrease or inhibit the activity of PARP. 

What is also needed is a method for determining whether a compound or agent decreases or 
inhibits PAEP, wherein the method does not require the use of numerous washing steps or 
dangerous radioactive isotopes to perform the method. 

What is also needed is a method for identifying a compound or agent that modulates, and 
particularly decreases or inhibits the activity of PAEP, wherein the method can be performed 
in a high throughput fashion. Such a method would permit one of ordinary skill in the art to 
assay many compounds quickly and inexpensively. 

The citation of any reference herein should not be construed as an admission that such 
reference is available as 'Trior Art" to the instant application. 

SUMMARY OF THE INVENTION 
There is provided, in accordance with a present invention, a new and useful method of 
evaluating compounds or agents for their ability to decrease or inhibit the activity of PARP 
that does not utilize radioactive isotopes, does not require numerous washing steps, and can 
be performed in vitro, in vivo, in a cell based manner, or in an isolated manner. Moreover, a 
method of the present invention can readily be performed in a high throughput manner. 

Broadly, the present invention extends to a method for determining whether a compound or 
agent decreases the activity of a poly(ADP-ribose)-polymerase (PARP). In such a method a 
mixture comprising PARP, the compoxmd or agent to be assayed and a substrate reagent 
solution is incubated. The substrate solution comprises NAD"^, NAD^ having an ADP ribose 
group labeled with a fluorescence label, protein such as histone that can act as the acceptor 
substrate, and DNA as a cofactor. The DNA may be endogenous DNA found in the medium 
in which a method of the present invention is being performed, or alternatively added in order 
to active the PARP. After a period of incubation, the mixture and a control mixture 
(described infra) are illuminated with plane polarized light having a wavelength at which the 
fluorescence label fluoresces. The fluorescence polarization of the mixture, as well as the 
control mixture are measured and compared. A fluorescence polarization measurement of 
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the mixture that is less than a fluorescence polarization measurement of the control mixture 
indicates the compound or agent decreases or inhibits the activity of PARP. 

Furthermore, the present invention extends to a method for determining whether a compound 
or agent decreases or inhibits the activity of PARP, as described herein, wherein the 
incubating step of such a method has a duration of at least about ten (10) minutes. More 
particularly, the duration of the incubating step can range from about 10 minutes to at least 2, 
3, or even 4 hours. 

10 Numerous fluorescence labels have applications in a method of the present invention. 

Particular examples include, but certainly are not limited to phycoerythrin (PE), Texas red 

(TR), rhodamine, a free lanthanide series salt, a chelated lanthanide series salt, BODIPY 
- (Molecular Probes), ALEXA (Molecular Probes), or CyDye (Amersham Biotech). Naturally, 

the wavelength of plane polarized light utilized, as well as the wavelength of the fluorescent 
15 emission, will vary depending upon the fluorescence label used. In a particular example, the 

fluorescence label utilized is Texas red (TR). Hence, the wavelength of the plane polarized 

light is 590 nm, and the wavelength of the emission is 620 nm. 

In addition, in a method of the present invention, NAD"^ having the ADP ribose group labeled 
20 with a fluorescence label may comprise a linker molecule to which the ADP ribose group and 
the fluorescence label are bound. Examples of linker molecules having applications herein 
include, but certainly are not limited to aminobutyric acid, aminocaproic acid, 
7-aminoheptanoic acid, 8-aminocaprylic acid, Fmoc-aminocaproic acid, one or more 
p-alanines, an isothiocyanate group, an isothiocyanate group, a succinimidyl ester, a sulfonal 
25 halide, a carbodiimide, and a Ce spacer arm: -CH2-CH2-CH2-CH2-CH2-CH2- . In a particular 
embodiment, the fluorescence label is Texas Red, and the linker that links the ADP ribose 
group and the fluorescence label is a Ce spacer arm. 

Moreover, the present invention extends to a method for determining whether a compound or 
30 agent decreases or inhibits the activity of a poly(ADP-ribose)-polymerase (PARP), wherein 
the method comprises the steps of: 

(a) Incubating a mixture for at least about 10 minutes, wherein the mixture 

comprises: 
(i) activated PARP enzyme; 
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(ii) the compound or agent; and 

(iii) a substrate reagent solution comprising NAD"^, NAD"^ having an ADP ribose 
group labeled with a fluorescence label, DNA, and histone; 

(b) illuminating the mixture of step (a) and a control mixture with plane 

5 polarized light having a wavelength at which the fluorescence label fluoresces, and 

measuring the fluorescence polarization of the mixture of step (a) and the control 
mixture; and 

(c) comparing the measurements of step (b). 

A fluorescence polarization measurement of the mixture having a value that is less than the 
10 value of the fluorescence polarization measurement of control mixture indicates the 
compound or agent decreases or inhibits the activity of the PARP enzyme. 

Moreover, the present invention extends to a method for determining whether a compound or 
agent decreases or inhibits the activity of a poly(ADP-ribose)-polymerase (PARP), wherein 
the method comprises the steps of: 

(a) incubating a mixture that comprises: 

(i) activated PARP enzyme; 

(ii) the compound or agent; and 

(iii) a substrate reagent solution comprising NAD^, NAD^ having an ADP ribose 
group labeled with Texas Red, DNA, and histone; 

(b) illuminating the mixture of step (a) and a control mixture with plane 
polarized light having a wavelength of 590 nm, and measuring the fluorescence 
polarization of the mixture of step (a) and the control mixture at a wavelength of 620 

25 nm; and 

(c) comparing the measurements of step (b). 
A fluorescence polarization measurement of the mixture having a value less than the value of 
the fluorescence polarization measurement of the control mixture indicates the compound or 
agent decreases the activity of the PARP enzyme. 

30 

In addition, the present invention extends to a method for determining whether a compound or 
agent decreases the activity of a poly(ADP-ribose)-polymerase (PARP) comprising the steps 
of: 
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(a) incubating a mixture for at least about 10 minutes, wherein the mixture 
comprises: 

(i) activated PARP enzyme; 

(ii) the compound or agent; and 

5 (iii) a substrate reagent solution comprising NAD^, NAD"*" having an ADP ribose 

group labeled with Texas Red, DNA and histone; 

(b) illuminating the mixture of step (a) and a control mixture with plane 
polarized light having a wavelength of 590 nm, and measuring the 

10 fluorescence polarization of the mixture of step (a) and the control mixture at 

a wavelength of 620 nm; and 

(c) comparing the measurements of step (b). 

A fluorescence polarization measurement of the mixture is less than the fluorescence 
■ polarization measurement of control mixture indicates the compound or agent decreases the 
1 5 activity of the PARP enzyme. 

Accordingly, it is an aspect of the present invention to provide a useful and heretofore 
unknown method for evaluating the ability of a compound or agent to decrease or inhibit the 
activity of a PARP enzyme. Such a compound or agent may have applications in treating 
20 ischemia, stroke or another type of cardiovascular disease in a subject. 

It is another aspect of the present invention to provide a method for evaluating the ability of a 
compound or agent to decrease or inhibit the activity of a PARP enzyme, wherein such a 
method does not require laborious and time consuming washing steps, the use of radioactive 
25 isotopes, or the use of expensive reagents. 

It is still another aspect of the present invention to provide a method for evaluating the ability 
of a compound or agent to decrease or inhibit the activity of a PARP enzyme that can be 
performed in vivo, in vitro, cell based, or in an isolated fashion. 
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It is yet still another aspect of the present invention to provide a method for evaluating the 
ability of a compound or agent to decrease or inhibit the activity of a PARP enzyme that can 
be performed in a high throughput manner. 



6 

These and other aspects of the present invention will be better appreciated by reference to the 
following drawings and Detailed Description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 FIG.l is a schematical view of the chemical reaction catalyzed by PARP. An ADP ribose 
group is cleaved from NAD^ and then bound to a glutamate residue of a protein acceptor 
substrate- In a method of the present invention, the protein acceptor substrate is a histone. 
PARP then catalyzes the binding of additional ADP ribose groups to the ADP ribose group 
bound to glutamate, to produce a chain. 

10 

FIG. 2: Simulated effect of fluorescence lifetime on fluorescence polarization (FP) as a 
function of molecular mass. 

FIG. 3: Graph of an inhibition curve using isoquinoline-l,5-diol which is a known inhibitor of 
15 PARP. This data, generated with a method of the present invention, demonstrates a method 
of the present invention can determine whether a compound or agent decreases the activity of 
PARP. 

FIG. 4 is the chemical structure of an NAD^ having an ADP ribose group labeled with a 
20 fluorescence label. 

FIG. 5: Schematical view of the principle of the FP Implementation in a method of the present 
invention. 

25 FIG. 6: Amino acid sequence of PARP enzyme used in the Example (SEQ ID NO: 1), 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention is based upon the discovery that surprisingly and unexpectedly, 
fluorescence polarization can be utilized to identify compounds or agents that decrease or 
30 inhibit the activity of a PARP enzyme. As a result, sufficient energy levels, e.g., ATP will be 
present in the cell, and ischemia, stroke or other types of cardiovascular disease may be 
successfully treated. The reaction that PARP catalyzes is schematically shown in FIG. 1 . 




Broadly, the present invention extends to a method for determining whether a compound or 
agent decreases the activity of a poly(ADP-ribose)-polymerase (PARP) comprising the steps 
of: 

(a) incubating a mixture comprising: 
5 (i) activated PAJRP enzyme; 

(ii) the compound or agent; and 

(iii) a substrate reagent solution comprising NAD"^, NAD^ having an ADP ribose 
group labeled with a fluorescence label, DNA and histone; 

10 (b) illuminating the mixture of step (a) and a control mixture with plane polarized 

light having a wavelength at which the fluorescence label fluoresces, and 

measuring the fluorescence polarization of the mixture of step (a) and the control 

mixture; and 

(c) comparing the measurements of step (b), 

15 wherein the fluorescence polarization measurement of the mixture that is less than the 
I. 

fluorescence polarization measurement of control mixture indicates the compound or agent 
decreases the activity of the PARP enzyme. 

Numerous terms and phrases used throughout the instant Specification and appended Claims 
20 are defined below. Accordingly: 

As used herein, the terms "compound" or "agent" refer to any composition presently known 
or subsequently discovered. Examples of compounds or agents having applications herein 
include organic compounds (e.g., man made, naturally occurring and optically active), 
25 peptides (man made, naturally occurring, and optically active, i.e., either D or L amino acids), 
carbohydrates, nucleic acid molecules, etc. 

As used herein, the term "enzyme" refers to a biomolecule, such as a protein or RNA, that 
catalyzes a specific chemical reaction. It does not affect the equilibrium of the catalyzed 
30 reaction. Rather, the enzyme enhances the rate of reaction by lowering the energy of 
activation. 

As used herein, the term "cofactor" refers to a substance such as an inorganic ion, a 
coenzyme, a nucleic acid molecule, etc. that is required for enzyme activity. In a particular 
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embodiment, the cofactor is DNA. .The DNA may be naturally occurring, i.e., endogenous, if 
a method of the present invention is being performed in a cell based manner. Alternatively, 
the DNA may be added to the mixture in order to activate the PARP. 

As used herein, the term "activated PARP" refers to PARP that is in the presence of the 
cofactor DNA. As explained above, the DNA may be endogenously present within a cell or 
the lysate of a celL If a method of the present invention is being performed imder conditions 
in which DNA is not naturally present, DNA may be added in order to activate the PARP. 

As used herein, the term "substrate" refers to the composition upon which an enzyme acts. 
The substrate can be either a "donor substrate", which is the name of the specie upon which 
the enzyme catalyzes the cleavage of a particular moiety, or the "acceptor substrate," which is 
the specie to which the enzyme catalyzes the binding of the moiety. In a particular 
embodiment, NAD"^ is the donor substrate, a histone is the acceptor substrate, and the moiety 
is an ADP ribose group of NAD^. PARP catalyzes the transfer of the ADP ribose group from 
the NAD^ to a glutamate residue of the histone. 

As used herein, the term "fluorescence label" refers to chemical that fluoresces when 
illuminated with a particular wavelength of light, wherein the compound is bound directly to a 
compoimd of interest, or altematively, is bound to a linker that is in turn bound to the 
compound of interest. Examples of fluorescence labels having applications in a method of the 
present invention include, but certainly are not limited to phycoerythrin (PE), Texas red (TR), 
rhodamine, a free lanthanide series salt, a chelated lanthanide series salt, BODIPY, ALEXA, 
CyDye, etc. A particular fluorescence label having applications in a method of the present 
invention is Texas red. 

As used herein, the term "tracer" refers to a detectably labeled moiety that is added to the 
mixture containing the compound or agent to be assayed. Chemically, but for the label, it is 
the same as the moiety that is transferred from the donor substrate to the receptor substrate. 
As a result, the tracer and the moiety cleaved from the donor substrate compete to bind with 
the acceptor substrate. This competition and its impact on fluorescence polarization 
measijrements are described infra. In a particular embodiment, the "tracer" is NAD"^ having 
an ADP ribose group with a fluorescence label, such as Texas Red. The fluorescence label 
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may be bonded directly to the ADP ribose group of NAD"*", or alternatively, both the ADP 
ribose group and the fluorescence label may be bound to a linker. 

As used herein, the terms "linker" and "linker molecule" may be used interchangeably, and 
5 refer to a chemical moiety to which the fluorescence label and the compound of interest, e.g., 
the ADP ribose group of NAD"^, are bound. Particular examples of linkers having 
applications in the present invention include aminobutyric acid, aminocaproic acid, 
7-aminoheptanoic acid, 8-aminocaprylic "acid, Fmoc-aminocaproic, one or more P-alanines, 
an isothiocyanate group, a succinimidyl ester, a sulfonal halide, a Ce spacer arm, or a 
10 carbodiimide, to name only a few. A particular example of a linker having appHcations in the 
present invention is a Ce spacer arm. 

As used herein, the term "control mixture" refers to a mixture containing the same reagents, 
cells, etc. in the same amounts as the mixture containing the compoimd or agent being 
15 assayed, and is treated in the same manner as the mixture containing the compound or agent 
being assayed, except the control mixture does not contain the compound or agent. 

Fluorescence Polarization 
Fluorescence polarization is a technique that is used to study interactions among molecules. 

20 The principles behind this technique are dependent upon the size of molecules being 

evaluated. In particular, when a fluorescent molecule is illuminated with plane polarized light 
at a particular wavelength, electrons at their ground state in the molecule are promoted to an 
excited state. After approximately 4-5 nanoseconds, these excited electrons decay back to 
their ground state. It is during this decay that the molecule emits a fluorescence signal. In 

25 fluorescence polarization, this fluorescence emission can be detected only if the molecule 
remains stationary throughout the excited state. If the molecule moves or rotates during the 
excited state, the fluorescence emission will be in a different plane of light than that of the 
polarized light that excited the electrons of the fluorescent molecule. As a result, a 
fluorescence emission will not be detected. It is well accepted that the smaller the molecule, 

30 the greater its mobility and rotation. Hence, a small molecule will produce a substantially 
smaller FP signal than a larger molecule, which will remain relatively stationary during the 
excitation period. It is this property of molecules that fluorescence polarization utilizes. In a 
fluorescence polarization assay with respect to a ligand and its receptor, a tracer, i.e., the 
ligand labeled with a fluorescence label, and the receptor to which the ligand binds, are placed 
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in solution. The ligand and the tracer then compete with each other to bind to the receptor. 
The solution is then illuminated with plane polarized light, and a signal is then detected. If not 
much unlabeled ligand present in the solution, then the majority of receptors present will 
bind to the tracer. Since the receptor is a large molecule (relative to the ligand), and 
5 consequently, rotates very slowly in solution, a signal will be obtained from the fluorescence 
of the label. In contrast, if there is a large amount of unlabeled ligand present, then a majority 
of receptors will bind with the ligand, which rotates more quickly than the receptor. As a 
result, a fluorescence signal produced by the tracer, if produced at all, will be substantially 
smaller than the previously obtained signal produced by the tracer bound to the receptor. It is 
10 the difference between these signals that enable one of ordinary skill in the art to determine 
whether the ligand is present, and its concentration. In the present invention, the ligand is an 
ADP ribose group cleaved from NAD^, and the receptor is a histone. The PARP enzyme, the 
compound or agent being assayed, NAD^ and a tracer comprising NAD"^ having an ADP 
ribose group with a fluorescence label, are mixed together. If the compoimd or agent being 
15 evaluated decreases or inhibits the activity of PARP, then the majority of fluorescent labeled 
ADP ribose groups will remain bound to NAD^, which is a much smaller molecule (on a 
relative scale) than histone. However, in the control mixture, the enzyme is free to remove 
labeled ADP ribose groups from NAD"^ and to catalyze the binding of these groups to histone. 
Thus, the control mixture will have a relatively large measured FP value. Consequently, if 
20 the compoimd or agent decreases the activity of PARP, the measured FP value for the mixture 
will be less than the measured FP value for the control. Hence, a method of the present 
invention readily permits one of ordinary skill in the art to determine whether a particular 
compound or agent being evaluated decreases the activity of PARP. 

25 Fluorescence polarization is measured in millipolarization units, or mP. It is calculated by the 
equation: 

Iv-Ih 



P= 

Iv + Ih 

where Iv and Ih are the fluorescence vertical and horizontal intensities, respectively. 
Fluorescence lifetime and molecular rotational correlation time are the prime factors in 
30 determining fluorescence polarization, as described in Perrin's equation: 



(D 
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where P is the steady state polarization, Po is the initial limiting polarization of the 
fluorophore, i/is fluorescence lifetime, and tc is molecular rotational correlation time. For 
spherical molecules, Xc is related to hydrated molecular volume (Fh) as: 

^ = -^ (m 

where 7j is the viscosity of the environment and Tis temperature. FIG. 2 shows simulated 
effects of fluorescence lifetime on fluorescence polarization as a function of spherical 
molecular weight. As indicated by the simulation, by using a short lifetime fluorescence 
tracer, such as fluorescein or Rhodamine (Texas Red) to label a small donor substrate, the 
transfer of the chemical moiety with the tracer to another mass of greater size can be 
monitored through the fluorescence polarization changes. In the absence of molecular 
transfer, the fluorescence tracer can rotate quickly, hence the emission is depolarized. Upon 
transfer of the tracer to a large molecule, the fluorescence tracer remains relatively stationary 
during the lifetime of the fluorophore, therefore the emitted light will have a high degree of 
polarization (the Scheme set forth in FIG. 5) . For non-spherical molecules, the FP value may 
deviate from the predicted value in Figure 1, however, the relative relationships between FP, 
T/and fhhold. 



Conditions 

As explained above, a method of the present invention can be performed in vivo, in vitro, or 
in an isolated form, wherein all the reagents, enzymes, substrates, etc. were previously 
isolated and maintained in a buffer solution, such as TRIS, TRIS HCl, HEPEs, or phosphate 
buffer under physiological conditions (i.e., physiological pH, temperature, etc.), or in a cell- 
based manner. In a particular example, the conditions for a method of the present invention 
may comprise 4.0 nM of Texas Red labeled NAD"^, 100 |liM unlabeled NAD^ 0.025 mg/ml 
Histone, 1 mM DTT, 0.1 mg/ml DNA, 50 mM TRIS, pH 8.0, 5 mM MgCli, 10 test 
compound, 7% Glycerol, enzyme concentration batch dependent (0.5 to 2 |j.g /mL). Total 
reaction volume: 6.5 ^1. Reaction temperature: 22 °C in humidified chamber. Reaction time: 2 
hours. However, these conditions are only an example of conditions under which to perform 
a method of the present invention. One of ordinary skill in the art using routine laboratory 
techniques and knowledge can readily modify such conditions and successfully perform a 
method of the present invention. 



12 



Search of Libraries for Candidate Compounds or Agents that Decrease or Inhibit the Activity 

ofPARP 

Conventionally, new chemical entities with useful properties are generated by identifying a 
chemical compound (called a "lead compound") with some desirable property or activity, 
creating variants of the lead compound, and evaluating the property and activity of those 
variant compounds. However, the current trend is to shorten the time scale for all aspects of 
drug discovery. Because of the ability to test large numbers quickly and efficiently, high 
throughput screening (HTS) methods are replacing conventional lead compound identification 
methods. 

In a particular embodiment, high throughput screening methods involve providing a library 
containing a large number of potential therapeutic compounds (candidate compounds). Such 
"combinatorial chemical libraries" are then screened with a method of the present invention to 
identify those library members (particular chemical species or subclasses) that display a 
desired characteristic activity. The compounds thus identified can serve as conventional "lead 
compounds" or can themselves be used as potential or actual therapeutics. 

Combinatorial chemica l libraries 
Combinatorial chemical libraries are a preferred means to assist in the generation of new 
chemical compound leads. A combinatorial chemical library is a collection of diverse 
chemical compounds generated by either chemical synthesis or biological synthesis by 
combining a number of chemical "building blocks" such as reagents. For example, a linear 
combinatorial chemical library such as a polypeptide library is formed by combining a set of 
chemical building blocks called amino acids in every possible way for a given compound 
length (i.e., the number of amino acids in a polypeptide compound). Millions of chemical 
compounds can be synthesized through such combinatorial mixing of chemical building 
blocks. For example, one commentator has observed that the systematic, combinatorial 
mixing of 100 interchangeable chemical building blocks results in the theoretical synthesis of 
100 million tetrameric compounds or 10 billion pentameric compounds (Gallop et al (1994) 
37(9): 12331250). 

Preparation of combinatorial chemical libraries is well known to those of ordinary skill in the 
art. Such combinatorial chemical libraries include, but are not limited to peptide libraries 
(see, e.g., U.S. Patent 5,010,175, Furka (1991) Int. J. Pept. Prot. Res., 37: 487-493, Houghton 
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et al (1991) Nature, 354: 84-88). Peptide synthesis is by no means the only approach 
envisioned and intended for use with the present invention. Other chemistries for generating 
chemical diversity libraries can also be used. Such chemistries include, but certainly are not 
limited to: peptoids (PCT Publication No WO 91/19735, 26 Dec. 1991), encoded peptides 
(PCX Publication WO 93/20242, 14 Oct. 1993), random biooligomers (PCT Publication WO 
92/00091, 9 Jan. 1992), benzodiazepines (U.S. Pat. No, 5,288,514), diversomers such as 
hydantoins, benzodiazepines and dipeptides (Hobbs etal, (1993) Proc. Nat Acad, ScL USA 
90: 69096913), vinylogous polypeptides (Hagihara et al (1992) J, Amer. Chem, Soc, 1 14: 
6568), nonpeptidal peptidomimetics with a Beta D Glucose scaffolding (Hirschmann et al., 

(1992) J. Amer. Chem. Soc. 1 14: 92179218), analogous organic syntheses of small compound 
libraries (Chen etal. (1994) /. Amer. Chem. Soc. 116: 2661), oligocarbamates (Cho, et al., 

(1993) Science 261:1303), and/or peptidyl phosphonates (Campbell et al, (1994) J. Org. 
Chem. 59: 658). See, generally, Gordon etal, (1994)7. Med. Chem. 37:1385, nucleic acid 
libraries, peptide nucleic acid libraries {see, e.g., U.S. Patent 5,539,083) antibody libraries 
{see, e.g., Vaughn etal {1996) Nature Biotechnology, 14(3): 309-314), and 
PCT/US96/ 10287), carbohydrate libraries {see, e.g., Liang etal (1996) Science, 274: 
1520-1522, and U.S. Patent 5,593,853), and small organic molecule libraries {see, e.g., 
benzodiazepines, Baum (1993) C&EN, Jan 18, page 33, isoprenoids U.S. Patent 5,569,588, 
thiazolidinones and metathiazanones U.S. Patent 5,549,974, pyrrolidines U.S. Patents 
5,525,735 and 5,519,134, morpholino compounds U.S. Patent 5,506,337, benzodiazepines 
5,288,514, and the like). 

Devices for the preparation of combinatorial libraries are commercially available {see, e.g., 
357 MPS, 390 MPS, Advanced Chem Tech, Louisville KY, Symphony, Rainin, Wobum, 
MA, 433A Applied Biosystems, Foster City, CA, 9050 Plus, Millipore, Bedford, MA). 
A number of well known robotic systems have also been developed for solution phase 
chemistries. These systems include automated workstations like the automated synthesis 
apparatus developed by Takeda Chemical Industries, LTD. (Osaka, Japan) and many robotic 
systems utilizing robotic arms (Zymate H, Zymark Corporation, Hopkinton, Mass.; Orca, 
HewlettPackard, Palo Alto, Calif.) which mimic the manual synthetic operations performed 
by a chemist. Any of the above devices are suitable for use with the present invention. The 
nature and implementation of modifications to these devices (if any) so that they can operate 
as discussed herein will be apparent to persons skilled in the relevant art. In addition, 
numerous combinatorial libraries are themselves commercially available {see, e.g.. 
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ComGenex, Princeton, N.J.; Asinex, Moscow, Ru; Tripos, Inc., St. Louis, MO; ChemStar, 
Ltd, Moscow, RU; 3D Pharmaceuticals, Exton, PA; Martek Biosciences, Columbia, MD, 

etc). 

High throughput assays of chemical libraries 
Naturally, a method of the present invention, which employs fluorescence polarization, is 
.readily amenable to high throughput screening. High throughput screening systems are 
commercially available (see, e.g„ Zymark Corp., Hopkinton, MA; Air Technical Industries, 
Mentor, OH; Beckman Instruments, Inc. Fullerton, CA; Precision Systems, Inc., Natick, MA, 
etc.). These systems typically automate entire procedures including all sample and reagent 
pipetting, liquid dispensing, timed incubations, and final readings of the microplate in 
detector(s) appropriate for the assay. These configurable systems provide high throughput 
and rapid start up as well as a high degree of flexibility and customization. The 
manufacturers of such systems provide detailed protocols for the various high throughput. 
Thus, for example, Zymark Corp. provides technical bulletins describing screening systems 
for detecting the modulation of gene transcription, ligand binding, and the like. 

The present invention may be better imderstood by reference to the following non-limiting 
Example, which is provided as exemplary of the invention. The following Example is 
presented in order to more fully illustrate the particular embodiments of the present invention. 
It should in no way be construed, however, as limiting the broad scope of the invention. 

EXAMPLE 

Provided herein is a novel and useful method for determining whether a compound or agent 
decreases or inhibits the activity of Poly(ADP-Ribose)-Polymerase enzyme (PARP). PARP is 
a nuclear enzyme normally involved in DNA repair. Upon activation by damaged DNA, 
PARP transfers an ADP ribose unit from NAD"" to a glutamate of a protein acceptor, and 
subsequently adds more ADP-ribose units to the first ADP-ribose to cause elongation of the 
ADP-ribose chain. Furthermore, PARP has been implicated to be involved in cell death in 
ischemia or neurotoxic insult by depleting cellular NAD^ and thus energy currency ATP. 
Consequently, a compound or agent that decreases or inhibits the activity of PARP may well 
have applications in treating such conditions. 
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In a particular embodiment of the present invention described herein, a fluorescence tracer, 
Texas Red, is covalently linked to NAD"^. The chemical structure of this tracer is set forth in 
FIG. 4. 



5 The transfer of Texas Red-ADP ribose to protein substrates (histone and PARP itself) can be 
monitored through the rotational speed of the fluorescence tracer by the fluorescence 
polarization method. The assay measures the ability of the test compounds to inhibit the 
enzyme to transfer fluorescence labeled ADP to protein substrates. 

10 Materials 

The materials used in this Example, as well as the vendors from which they were obtained, 
and their catalog numbers are set forth in the table below: 













10 ul tips 


JENOPTiK/MATRi; 


S550 






1 536-well black plates 


MATRIX/Grelner 


451 5A 






plate cover 


RAININ 


96-LID-60S 
















cold NAD+ 


Sigma 


N-6522 


663.4 


substrate 


TR-NAD+ 


LJL 


custom 


1520.5 


tracer/substrate 


DTT 


Sigma 


D-5542 


154.2 


antioxidant 


Histone 


Sigma 


H-9250 




substrate 


DNA, sonicated 


Sigma 


D-1501 




cofactor 


6(5H)-phenanthrldlnone 


Aldrich 


29.963-4 


195.2 


stand inhibitor nC50 =0.2uM) 


TRIS buffer. pH 8.0 


Sigma 


T-4753 


(20 Liters) 


buffer 


MqCI2-6H20 


Sigma 


M-2670 


203.3 


cofactor 


Glycerol 


Sigma 


G-6279 


92.09 


reduce evaporation 


Tween-80 


Aldrich 


27.436-4 




reduce non-specific absorptio 












YobiWell 384/1536 


Jenoptik/Matrix 






liquid handling 


LJL Acquest 


LJL Bioscience 






detector 
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Reagents used : 

A PARP baculovirus which encodes the amino acid sequence of FIG. 6 (SEQ ID NO: 1), was 
used to infect sf(9) cells. After PARP was expressed, it was partially purified by 40-70% 
20 ammonia sulfate cuts, and then re-suspended in TRIS buffer containing 25% (v/v) glycerol. 

Preparation of the NAD"^ tracer having an ADP ribose group with a fluorescence label 
In this example of a method of the present invention, the tracer utilizes Texas Red as the 
fluorescence label. However, as explained above, numerous fluorescence labels have 
25 applications in a method of the present invention. However, the wavelength of plane 
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polarized light used to cause the label to fluoresce must have a wavelength that is known to 
cause the particular label to fluoresce. Moreover, as explained above, the fluorescence label 
and the ADP ribose group may be bound directly to each, or instead, a linker can be used to 
which they both are bound. The chemical structure of the tracer used in this Example is set 
5 forth in FIG. 4. The method for producing the tracer is set forth below: 

Texas Red succinimidyl ester (Molecular Probes) was added to a solution of the NAD+ 
(Sigma Chemicals) in dry methylene chloride. The reaction was stirred under nitrogen in the 
dark for 24 hours. Purification was performed by reverse phase HPLC chromatography using 
10 a water/acetonitrile gradient with 0.05% TFA as a modifier. 



Other Reagents 

Other reagents used are set forth in the table below; 



Reagnets 



Reaction buffer 



Chemicals 

aO stocks should be kept at -80 ° C 

TRIS, hemisodium 
pH 8.0 
MgCi2.6H20 



Solvent 



H20 



Compound Cone. 



Cone. 

50 



Unit 

mM 

mM 



Control inhibitor 



Substrate reagent 



6(5H)-Phenathriclinone 

(prepare 10 mM stock dissolved in PMSO) 



Reaction buffer 



65 



uM 



TR-NAD* 

(Prepare 500 nM stock dissolved in 0.1% Tween-80) 
Glycerol 

NAD* (20 mM stock) 

Histone (10 mg/ml stock) 



Reaction buffer 



8.7 
7 

216.7 
0.05 



nM 

% 
uM 
mg/ml 



Enzyme reagent 



15 
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DTT (10 mM stock) 
DNA, sonicated (1 mg/ml stock) 
Enzyme 



Reaction buffer 



2.2 mM 
0.22 mg/ml 
batch depend 



Conditions: 



4.0 nM of Texas Red labeled NAD^ 100 unlabeled NAD^ 0.025 mg/ml Histone, 1 mM 
DTT, 0.1 mg/ml DNA, 50 mM TRIS, pH 8.0, 5 mM MgCl., 10 |iM of the compound or 
agent, 7% Glycerol, enzyme concentration batch dependent. Total reaction volume: 6.5 jil. 
Reaction temperature: 22 °C in humidified chamber. Reaction time: 2 hours. 
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Procedure: 



The method of the present invention was performed manually in 1536 well black plates. 
However, as explained above, a method of the present invention can readily be automated and 
performed in a high throughput manner. 
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In this method, to 3.0 fil substrate reagent was added 0.5 jil of 130 ^iM compound or control 
compound, as described infra. Then, 3.0 \i\ enzyme reagent and 3.0 p. 1 of reaction buffer 
were added to the well. This mixture was then permitted to incubate for about 2 hours at 
room temperature. Naturally, a control mixture was prepared that is identical except that the 
control mixture does not contain the compound or agent. 

After incubation, this mixture and the control mixture were illuminated with plane polarized 
light having a wavelength of 590 nm, and the fluorescence polarization of the mixture and the 
control mixture were measured using a fluorescence filter set with an excitation wavelength 
of 590 nm, and an emission wavelength of 620 nm. The measurements were made with a 
fluorescence polarization plate reader in fluorescence polarization (FP) mode. These two 
measurements were then compared to determine whether the fluorescence polarization 
measurement of the mixture containing the compound or agent is less than that of the control. 
Such a fmding would show that the enzyme in the control mixture functioned correctly while 
the enzyme in the mixture containing the compound or agent being assayed exhibited 
decreased activity. As a result, the compound or agent being assayed decreased PARP 
activity, and thus may have applications in treating cardiovascular disease, ischemia, stroke, 
etc. 

Evaluation of Method with Control compound 

To confirm that a method of the present invention functions correctly, it was performed using 
1,5-isoquinoline-diol, a known inhibitor of PARP as the compound or agent, i.e., as a control 
compound. It has an IC50 of 379 nm. The structure of this control is set forth below: 
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The procedure described above was performed using isoquinoline-l,5-diol purchased from 
Sigma Chemicals (Saint Louse, MO, catalog number 1-138). The results of these experiments 
are set forth in the inhibition curve set forth in FIG. 3. The inhibition curve of this figure 
graphically shows that a method of the present invention can readily identify a compound or 
5 agent that decreases or inhibits the activity of PARP. 

Conclusion 

The data obtained using a known inhibitor of PARP in a method of the present invention 
clearly demonstrates that the present invention provides an easy, quick, and accurate way of 
evaluating compounds for their ability to decrease PARP activity, and yet does not require 
multiple washings or radioactive isotopes. Moreover, a method of the present invention can 
readily be used in a high throughput manner for the evaluation of thousands of compounds or 
agents in a very short period of time. 

The present invention is not to be limited in scope by the specific embodiments describe 
herein. Indeed, various modifications of the invention in addition to those described herein 
will become apparent to those skilled in the art from the foregoing description and the 
accompanying figures. Such modifications are intended to fall within the scope of the 
appended claims. 

It is fiirther to be understood that all base sizes or amino acid sizes, and all molecular weight 
or molecular mass values, given for nucleic acids or polypeptides are approximate, and are 
provided for description. 



Various publications are cited herein, the disclosures of which are incorporated by reference 
in their entireties. 
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WHAT IS CLAIMED IS : 

1 . A method for determining whether a compound or agent decreases the 
activity of a poly(ADP-ribose)-polymerase (PARP) comprising the steps of: 

(a) incubating a mixture comprising: 

(i) activated PARP enzyme; 

(ii) the compound or agent; and 

(iii) a substrate reagent solution that comprises NAD^, NAD^ having an ADP 
ribose group labeled with a fluorescence label, DNA, and histone; 

(b) illuminating the mixture of step (a) and a control mixture with plane polarized 
light having a wavelength at which the fluorescence label fluoresces, and 
measuring the fluorescence polarization of the mixture of step (a) and the control 
mixture; and 

(c) comparing the measurements of step (b), 

wherein the fluorescence polarization measurement of the mixture having a value that is less 
than the fluorescence polarization measurement of control mixture indicates the compound or 
agent decreases the activity of the PARP enzyme. 

2. The method of Claim 1, wherein the incubating step (a) has a duration of at 
least about 10 minutes. 

3. The method of Claim 2, wherein the incubating step has a dxiration ranging 
firom about 10 minutes to at least about 2 hours. 

4. The method of Claim 1, wherein the fluorescence label comprises 
phycoerythrin (PE), Texas red (TR), rhodamine, a free lanthanide series salt, a 
chelated lanthanide series salt, BODIPY, ALEXA, or CyDye. 



5. 



The method of Claim 4, wherein the fluorescence label is Texas red (TR). 
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6. The method of Claim 5, wherein the wavelength of the plane polarized light 
is 590 nm. 

7. A method for determining whether a compound or agent decreases the 
activity of a poly(ADP-ribose)-polymerase (PARP) comprising the steps of: 

(a) incubating a mixture for at least about 10 minutes, wherein the mixture 
comprises: 

(i) activated PARP enzyme; 

(ii) the compound or agent; and 

(iii) a substrate reagent solution comprising NAD"", NAD"" having an ADP ribose 
group labeled with a fluorescence label, DNA, and histone; 

(b) illuminating the mixture of step (a) and a control mixture with plane polarized 
light having a wavelength at which the fluorescence label fluoresces, and 
measuring the fluorescence polarization of the mixture of step (a) and the control 
mixture; and 

(c) comparing the measurements of step (b), 

wherein the fluorescence polarization measurement of the mixture having a value less 
than the fluorescence polarization measurement of control mixture indicates the 
compound or agent decreases the activity of the PARP enzyme 

8. The method of Claim 7, wherein the fluorescence label comprises phycoerythrin 
(PE), Texas red (TR), rhodamine, a free lanthanide series salt, a chelated 
lanthanide series salt, BODIPY, ALEXA, or CyDye. 

9. The method of Claim 8, wherein the fluorescence label is Texas red, and the 
wavelength of the plane polarized light is 590 nm. 

10. The method of Claim 1, wherein the incubating step has a duration that ranges 
from about 10 minutes to at least about 2 hours. 
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1 1 . The method of Claim 9, wherein the NAD"*^ having an ADP ribose group 
labeled with Texas Red comprises a linker molecule to which the ADP ribose group 
and the Texas Red are bound. 

12. The method of Claim 11, wherein the linker molecule is selected from the group 
consisting of aminobutyric acid, aminocaproic acid, 7-aminoheptanoic acid, 
8-aminocaprylic acid, Fmoc-aminocaproic acid, one or more P-alanines, an 
isothiocyanate group, an isothiocyanate group, a succinimidyl ester, a sulfonal 
halide, a carbodiimide, and a Cs spacer. 

13. The method of Claim 12, wherein the linker is the Ce spacer. 

14. A method for determining whether a compound or agent decreases the 
activity of a poly(ADP-ribose)-polymerase (PARP) comprising the steps of: 

(a) incubating a mixture that comprises: 

(i) activated PARP enzyme; 

(ii) the compound or agent; and 

(iii) a substrate reagent solution comprising NAD"^, NAD^ having an ADP ribose 
group labeled with Texas Red, DNA, and histone; 

(b) illuminating the mixture of step (a) and a control mixture with plane polarized 
light having a wavelength of 590 nm, and measuring the fluorescence 
polarization of the mixture of step (a) and the control mixture; and 

(c) comparing the measurements of step (b), 

wherein the fluorescence polarization measurement of the mixture having a value less than 
the fluorescence polarization measurement of control mixture indicates the compound or 
agent decreases the activity of the PARP enzyme. 

15. The method of Claim 14, wherein the incubating step has a duration of at 
least about 10 minutes. 
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16. The method of Claim 15, wherein the incubating step has a duration that 
ranges from about 10 minutes to at least about 2 hours. 

17. The method of Claim 15, wherein the NAD"" having an ADP ribose group 
labeled with Texas Red comprises a linker molecule to which the ADP ribose group 
and the Texas Red are bound. 

1 8. The method of Claim 1 7, wherein the linker molecule is selected from the 
group consisting of aminobutyric acid, aminocaproic acid, 7-aminoheptanoic acid, 
8-aminocaprylic acid, Fmoc-aminocaproic acid, one or more p-alanines, an 
isothiocyanate group, an isothiocyanate group, a succinimidyl ester, a sulfonal hahde, 
a carbodiimide, jand a Cs spacer. 

19. The method of Claim 18, wherein the linker is the spacer. 

20. The method of Claim 19, wherein the incubating step has a duration of at least 10 
minutes. 

21. The method of Claim 20, wherein the step has a duration ranging from about 10 
minutes to at least about 2 hours. 

22. A method for determining whether a compound or agent decreases the 
activity of a poly(ADP-ribose)-polymerase (PARP) comprising the steps of: 

(a) Incubating a mixture for at least 10 minutes, wherein the mixture comprises: 

(i) activated PARP enzyme; 

(ii) the compound or agent; and 

(iii) a substrate reagent solution comprising NAD^, NAD"^ having an ADP ribose 
group labeled with Texas Red, DNA, and histone; 

(b) illuminating the mixture of step (a) and a control mixture with plane polarized 
light having a wavelength of 590 nm, and measuring the fluorescence 
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polarization of the mixture of step (a) and the control mixture a wavelength of 
620 nm; and 

" (c) coriiparing the measurements of step (b), 
wherein the fluorescence polarization measurement of the mixture having a value that is less 
than the fluorescence polarization measurement of control mixture indicates the compoiind or 
agent decreases the activity of the PARP enzyme. 

23. The method of Claim 22, wherein, wherein the NAD"^ having an ADP ribose 
group labeled with Texas Red comprises a linker molecule to which the ADP ribose 
group and the Texas Red are bound. 

24. The method of Claim 23, wherein the linker molecule is selected from the group 
consisting of aminobutyric acid, aminocaproic acid, 7-aminoheptanoic acid, 
8-aminocaprylic acid, Fmoc-aminocaproic acid, one or more p-alanines, an 
isothiocyanate group, an isothiocyanate group, a succinimidyl ester, a sulfonal 
halide, a carbodiimide, and a spacer. 

25. The method of Claim 24, wherein the spacer is the Cg spacer. 
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ABSTRACT OF THE DISCLOSURE 
Provided herein is a novel and useful method for determining v^hether a compound or agent 
decreases or inhibits the activity of a poly(ADP-ribose)-polymerase (PARP). 
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Principle of the FP Implementation of the PARP Assay 
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FIGURE 6 



MSYYHTOfflHHDYDIPTTENLYFQGAMGSMAESSDKLYRVEY 

MAIMVQSPMFDGKWHWYHFSCFWKVGHSIRHPDVQVDGFSELRWDDQQKVKKTAEAGGV 
TGKGQDGIGSKAEKTLGDFAAEYAKSNRSTCKGCMEKIEKGQVRLSKKMV^ 
WYHPGCFVKNREELGFRPEYSASQLKGFSLLATEDKEALKXQLPGVKSEGKRKGDEVDG^ 
VAKKKSKKEKDKDSKLEKj^LKAQNDLIWMKDELKKVCSTNDLKEL^^ 

RVADGMVFGALLPCEECSGQLVFKSDAYYCTGDVTAWTKCMVKTQTPNRKEWVTPKEFREl 

SYLKKLKVKKQDRIFPPETSASVAATPPPSTASAPAAVNSSASADKPLSNMI^ 

EVKAMIEKLGGKLTGTANKASLCISTKKEVEKMNK^ 

LQELFLAHILSPWGAEVKAEPVEVVAPRGKSGAALSKKSKGQVKJEEGINKSEKRM^^ 
AAVDPDSGLEHSAHVLEKGGKVFSATLGLVDIVKGTNSYYKJLQLLEDDKENRYWIFRSWGRV 

gtvigsnkleqmpskedaiehfmklyeektgnawhsknftkypkkfypleid 
ltvnpgtkskepkpvqdlikmifdvesmkjcamve^^^ 
qavsqgssdsqildlsnrfytliphdfgmkkppllnnadsvqakvemldnlld 
gsddsskdpidvnyeklktdikvvdrdseeaeiirkyvknthatthnaydlev 

QRYKPFKQLHKRRLLWHGSRTTNFAGILSQGLmAPPEAPVTGYMFGKGIYFADMVSKSANY 

CHTSQGDPIGLILLGEVALGNMYELKHASfflSKLPKGKHSVKGLGKTTPDPSAMSLDGVDW 
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